SUMMARY A double-blind, placebo-controlled trial of colloidal bismuth (De-Nol) was performed on 20 patients with active duodenal ulceration employing endoscopic selection and follow up after a treatment period of 28 days. By these means it was shown that healing of ulcers was significant in those patients treated with the active compound. In addition a greater number (9/10) of patients treated with colloidal bismuth showed symptomatic improvement than those receiving placebo (6/10) but this difference did not reach statistical significance. The results of endoscopic and symptomatic assessment of the patients receiving colloidal bismuth were in complete agreement although there was a poor correlation between these results in those receiving the placebo. This supports the results from a previous study that endoscopic assessment of duodenal ulcer healing provides a more objective assessment than do clinical methods.
Antacids and to a lesser extent anticholinergic drugs have dominated the medical treatment of peptic ulcer for over 20 years whilst antacids themselves have been in wide use for much longer (Sippy, 1915) .
Although there is incontrovertible evidence that antacids are superior to placebo in relieving the symptoms of peptic ulcer (Lawrence, 1952; Doll, 1964) no effect on the rate of ulcer healing has been demonstrated in well controlled trials (Doll, Price, Pygott, and Sanderson, 1956; Baume and Hunt, 1969) . There are moreover significant side effects when potent antacids (sodium bicarbonate, calcium carbonate, magnesium oxide) are used in pharmacological doses to neutralize gastric juice (Burnett, Commons, Albright, and Howard, 1949; Bleifer, Belsky, and Bleifer, 1959; Randall, Cohen, Spray, and Rossmeisl, 1964; Stiel, Mitchell, Radcliff, and Piper, 1967) .
The situation is less satisfactory in the case of anticholinergic drugs. Although an optimum effective dose (sufficient to cause side effects) will reduce the basal, postprandial, and peak acid output, intragastric acidity throughout 24 hours in patients eating a bland diet is not affected (Lennard-Jones, 1961) . Numerous controlled trials have failed to produce consistent evidence that anticholinergics Received for publication 29 November 1974. either promote healing or prevent relapses in patients with duodenal ulcer (Lennard-Jones, 1961; Melrose and Pinkerton, 1961; Kaye, Rhodes, Beck, Smeetnam, Davies, and Evans, 1970; Sun and Ryan, 1970) .
During the past 10 years a large number of drugs with a very wide range of pharmacological action have been introduced for the treatment of gastric and duodenal ulcer. Clinical studies have shown some of them to be effective in ulcer therapy although in the majority of cases the studies have been uncontrolled. Their mode of action has been explained as altering gastric blood flow and motility via a corticohypothalamic action, eg, sulpiride (Albot and Boisson, 1969) and chlorbenzoxamine (Passeri, 1960) ; as inhibiting pepsin, eg, amylopectin sulphate (Sun and Ryan, 1970) ; as inhibiting the release of antral gastrin, eg, oxethazine (Farrar and Seifter, 1962) ; as decreasing gastric epithelial-cell extrusion and increasing mucus production, eg, carbenoxolone sodium (Brown et al, 1972b) and possibly BX-24 (Calcraft, Rhodes, Cross, and Hall, 1973) ; as altering cellular metabolism of the gastric mucosa, eg, proglumide (Borellini and Milvio, 1969) and geranyl farnesylacetate (Newcombe, Stone, and Richardson, 1970) ; and as an ulcer-insulating mechanism together with antipepsin activity, eg, colloidal bismuth compounds (Marks and Bank, 1973) . There are in addition a number of untested compounds that offer promise on theoretical grounds, eg, H2 receptor antagonists (Wyllie, Ealding, Hesselbo, and Black, 1973) .
The aims of peptic ulcer therapy are relief of symptoms, ulcer healing, and prevention of relapse. Although it is relatively easy to assess relief of symptoms, duodenal ulcer healing has previously been assessed solely by radiological criteria. It is now clear that many of the conflicting results of clinical trials are partly due to the difficulties of interpreting the radiological appearance of the duodenal bulb in chronic duodenal ulcer (Brown, Salmon, Burwood, Knox, Clendinnen, and Read, 1973) , and to the inaccuracy of symptoms as a guide to the presence or absence of a duodenal ulcer crater (Brown et al, 1972b; Salmon, 1973) .
Fibreoptic duodenoscopy now offers a safe, reproducible, and objective method not only of selecting patients for clinical drug trials with a proven and defined ulcer crater but of following up these patients for evidence of ulcer healing (Salmon, Brown, Htut, and Read, 1972; Brown et al, 1972b One of these compounds, tripotassium dicitrato bismuthate (De-Nol), has been used in a number of uncontrolled studies and in each case the clinical impression was that the compound was effective not only in relieving symptoms of both gastric and duodenal ulcers in two to nine days but also in promoting healing after four to eight weeks (Paullus, 1966; Weiss and Kallmeyer, 1968; Sobotka, 1970; Lanza, 1970) .
A recent double-blind, placebo-controlled study of the related compound bismuth citropeptideconfirmed the effectiveness of colloidal bismuth in the treatment of peptic ulcer (Marks and Bank, 1973) . In addition a recent controlled study has shown that tripotassium dicitrato bismuthate (De-Nol) promoted the healing of stress-resistant gastric ulcer in rats (Wilson, 1973) . In view of the promising nature of colloidal bismuth compounds and their virtual freedom from side effects we have performed a double-blind study of tripotassium dicitrato bismuthate (De-Nol) in the treatment of duodenal ulcer, employing fibreduodenoscopy in the selection and follow up of patients.
Method of Study
Patients with clinical and radiological evidence of a duodenal ulcer were submitted to duodenoscopy. The examination procedure has already been described (Salmon et al, 1972) . A forward-viewing gastroduodenoscope was employed for examination of the duodenal bulb in all cases, supplemented where necessary by a lateral-viewing instrument. The instrument that gave the better view was used in the subsequent follow-up examination.
Ulcers were recorded photographically and their size was assessed by reference to the superior duodenal fold. Failing this, a calibrating instrument or the opened blades of biopsy forceps were employed (Brown et al, 1972b) . Patients with an endoscopically visible duodenal ulcer without evidence of gastric ulceration and under the age of 65 were admitted to the trial. A pilot study was performed beforehand on five healthy volunteers treated with 50 ml De-Nol daily for seven days to establish the effect of De-Nol on acid base balance. Patients were randomized and allocated either to a 28-day course of tripotassium dicitrato bismuthate (De-Nol), 10 ml diluted with 15 ml water six times daily (on waking, half an hour before and two hours after meals), or to a placebo mixture having the same appearance, smell, and taste.
Patients were advised to take antacids only for symptomatic relief and not to take the compound with milk. These measures were designed to maintain the low gastric pH necessary for the action of colloidal bismuth compound. Patients were advised and encouraged to continue their normal daily routine without dietary restrictions. Progress was assessed symptomatically and endoscopically at 28-32 days. Symptomatic assessment was based on the frequency and severity of pain or discomfort, change of symptoms, and consumption of antacids. Other factors such as time off work, appetite, and weight were also recorded and were taken into account in symptomatic assessment.
Results
Twenty-one patients were admitted to the trial. One patient, however, was withdrawn before commencing treatment because he was judged to be an unreliable historian. Of 20 patients completing the study, there were 10 treated with the active compound and 10 with placebo (table I). There were 15 males and five females (three in the active group, two in the placebo group). The average length of history was 13 years in the active group, 9-2 years in the placebo group. diminished by more than 50%) was compared with complete healing (duodenal bulb either completely normal or scarred but without endoscopic evidence of ulceration) seven out of eight (87.5 %) completely healed ulcers were in the colloidal bismuth (De-Nol) group and only one out of eight (12.5 %) was in the placebo group (table IV) . This difference is highly significant (p < 001).
Stage of Treatment Treatment Group
Colloidal Bismuth Placebo 28-32 days 7/8 1/8 (Brown et al, 1973 (Brown et al, 1972) and this is reflected in the fact that in this study all patients attended for repeat endoscopy and clinical assessment.
A much greater discrepancy was noted between endoscopic and symptomatic findings in a previous study (Brown et al, 1972) . In this present study the agreement between healing and improvement of symptoms as assessed by both methods in the active group was excellent (eight out of eight patients). On the other hand three out of seven patients in the placebo group showed symptomatic evidence of improvement even though there was no change in the appearance of the ulcer crater on endoscopy (table V) .
This may be explained either by a placebo effect or by postulating that ulcer pain arises from sites other than the ulcer crater itself. Epigastric pain has been produced in duodenal ulcer patients by perfusing the lower oesophagus with dilute hydrochloric acid (Earlam, 1972) , although this was not substantiated in a recent similar study (Dilawari, Blendis, and Edwards, 1973) . In addition the association of oesophagitis has been demonstrated in duodenal ulcer patients who had endoscopic evidence of duodenal stenosis (Salmon, 1973) .
TRIPOTASSIUM DICITRATO BISMUTHATE AND DUODENAL ULCER
The results of the present study show that a colloidal bismuth compound (De-Nol) increases the rate of healing of duodenal ulcers over a short follow-up period. A large majority (nine out of 10) of the patients on active compound also obtained symptomatic relief although the relatively small number of patients studied did not allow this to reach statistical significance when compared with placebo (six out of 10). This may have been due to a placebo effect or to the natural tendency of duodenal ulcers to heal. The combination of lack of side effects in addition to promotion of ulcer healing suggests that the colloidal bismuth compound (De-Nol) has a clinical role in the management of the ambulant patient with duodenal ulcer. The increased healing rate of stress-induced gastric ulcers in rats treated with tripotassium dicitrato bismuthate (32 and 16 mg/day) would support this suggestion.
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